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Abstract
Background: Etiology of uremic pruritus as a common complication in patients with end stage renal disease (ESRD) is not fully understood. Aim: Our aim was to highlight beta 2 microglobulin
(β2M) as a risk factor for uremic pruritus and to assess the diagnostic performance of β2M for
predicting pruritus in patients with ESRD. We assessed the serum level of β2M in hemodialysis
patients with pruritus compared to those without pruritus. Subjects and Methods: This study included 17 ESRD patients on hemodialysis with pruritus and 17 ESRD patients on hemodialysis
without pruritus. Patients included in this study were subjected to detailed history taking, assessment of pruritus severity using visual analog scale (VAS) in pruritic group, kidney function
test and estimation of serum β2M levels. Results: The pre-dialysis serum level of β2M was significantly higher in pruritic group than in nonpruritic group (2.79±1.20 and 1.52±0.66, respectively,
p=0.002). The post-dialysis serum level of β2M was also significantly higher in pruritic group than
in nonpruritic group (3.44±1.31 and 1.89±0.62 respectively, p=0.001). The diagnostic performance
of β2M for predicting pruritus in patients with ESRD was good as evidenced by area under the
curve (AUC: 81.7, p=0.0001). Best cut off point for predicting pruritus in ESRD was >2.05 in predialysis and >2.66 in post-dialysis. Conclusion: Our results showed high serum level of β2M in ESRD
patients with pruritus that may highlight the role of β2M in the pathogenesis of this important
problem. β2M has good diagnostic performance of for predicting pruritus in patients with ESRD.
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Introduction
Pruritus has been well recognized as a
common complication in patients with
chronic kidney disease(1-4). Uremia is the
most common metabolic cause of pruritus.
It has been found that 15%-49% of patients
with predialysis chronic renal failure and
50%-90% of those on hemodialysis have pru
ritus(5). Risk factors include male gender, hi*Corresponding Author: atwamona@gmail.com

gh levels of blood urea nitrogen (BUN), elevated calcium, phosphorus and beta 2
microglobulin (β2M) levels(6). A significant
association between itch score and the 3year survival in patients with end stage renal disease (ESRD) has been reported(7).
Additionally, a high itch score was significantly associated with death, however, itch
score was not shown as an independent
prognostic factor(7). Etiology of uremic pru-
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ritus is not fully understood. Some proposed causes include xerosis, decreased
transepidermal elimination of pruritogenic
factors, hyperparathyroidism, hypercalcemia, hyperphosphatemia, elevated histamine levels, increased dermal mast cell proliferation, uremic sensory neuropathy and
middle molecule theory(8-14). The middle
molecule hypothesis was proposed by
Babb and Scribner in the early 1970s, based
on outcomes and quality of life with peritoneal dialysis similar to hemodialysis in
spite of marked differences in adequacy of
small molecule removal. (15) They therefore
proposed that larger middle molecules
(ranging in size between the small molecules and the large proteins) played a
pathophysiologic role. However, it was impossible to indicate real culprits, as analytical techniques at that time were unrefined.
When it became apparent that a specific
amyloid, containing large amounts of β2M
developed in dialysis patients after many
years of renal replacement therapy (16), interest in the middle molecules was finally
regained.
In a review of uremic solutes, the European Uremic Toxin Work Group (EUTox)
identified 22 known middle molecules(17).
The middle molecule theory suggests the
existence of yet unidentified prurito-genic
substances that accumulate in the dialysis
patients, because they are poorly dialyzable because of their molecular size. Pruritus
typically resolves after transplantation,
with the restoration of renal function(15).
β2M is a component of major histocompitability complex (MHC) class I molecules,
which are present on all nucleated cells(18).
It is found at low levels in the serum and
urine of normal individuals. β2M concentrations are increased in inflammatory diseases, some viral diseases, renal dysfunction,
and autoimmune diseases. In patients on
long term hemodialysis, it can aggregate
into amyloid fibers that deposit in joint
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spaces, a disease known as dialysis related
amyloidosis(19). β2M has become a frequently used marker for the dialytic removal of middle molecules(20). The study
was conducted to highlight the possible
role of β2M in the pathogenesis of pruritus
associated with ESRD, and to assess the
diagnostic performance of β2M for predicting pruritus in patients with ESRD.

Subjects and Methods
Study setting
This case–control study assessed the serum
concentration of β2M in hemodialysis patients with pruritus compared to those
without pruritus. The study was conducted
in the dermatology clinic at Suez Canal University Hospital, Ismailia, Egypt. The local
Institutional Review Board approved it.
Subjects
Seventeen ESRD patients on hemodialysis
with pruritus, and 17 ESRD patients on hemodialysis without pruritus were enrolled
in this study. Patients were consented to
participate after having received full information on the setup and the purpose of
the study. The criteria for diagnosis of uremic pruritus included; pruritus that appeared shortly before the onset of dialysis,
or at any time, without evidence of any
other active disease that could explain the
pruritus, more than or equal to three episodes of itch during a period of <2 weeks,
with the symptom appearing a few times a
day, lasting at least few minutes, and troubling the patient, appearance of an itch in a
regular pattern during a period of 6
months, but less frequently than listed
above. Patients with other systemic causes
of pruritus such as cholestatic liver disease
and Hepatitis C virus positive patients, and
patients with any itchy skin conditions
were excluded. A careful history concerned
general medical history was taken from
each patient. Data regarding onset, dura-
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tion, frequency of pruritus, associated
symptoms, antipruritic medications, and
the impact of pruritus on sleep and daily
activities were obtained from patients with
pruritus. Verbal descriptor scale of itch
sensation and affective dimension was
used for assessment of pruritus. The following 6 words were used to describe the
sensation; tickling, stinging, crawling likes
ants, stabbing, pinching and burning. Another set of four words was used to characterize the affective dimension of the itch:
bothersome, annoying, unbearable, and/or
worrisome. Each descriptor could be
ranked on an intensity scale of 0= none, 1=
mild, 2= moderate, and 3= severe. For the 6
parameters describing sensation an index
of sensation was calculated as the sum of
all parameters divided by the maximum
possible number 18. For the four affective
parameters, an index of affect was similarly
calculated. The questions of the patients
regarding sensory and affective dimensions
referred to pruritus during the last halfyear. The severity of pruritus was assessed
by visual analogue scale (VAS) for 4 different temporal states; at present, i.e. at the
time when the patient is being examined,
at the time of the worst pruritus, at the
time when the condition was in the best
state, and at the time of the strongest itch
after a mosquito bite. A VAS was constructed consisting of a 10 cm line anchored at one end by a label ‘‘no itch’’ and
at the opposite end by a label ‘‘very strong
itch, as bad as could possibly be’’.The subject is asked to mark the intensity of the
itch in the aforementioned situations.
Laboratory assessment
Venous blood samples (5–10 mL) were taken in a pyrogen free vacutainer tubes under sterile conditions from patients before
and after dialysis session. Serum was obtained from freshly drawn, rapidly centri-
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fuged sample and quickly frozen at -20°C
until processed. Estimation of serum urea
and creatinine levels was done using
COBAS 501 chemistry autoanalyzer (Roche
Diagnostics, USA). Beta 2 microglobulin
level was measured in all patients before
and after dialysis session by enzyme-linked
immune-sorbent assay (ELISA) commercial
kit (β2M Enzyme Immunoassay kit, DRG
International, Inc., USA).

Statistical analysis
Data were analyzed using the Statistical
Package for Social Sciences (SPSS) version
17.0 software (SPSS Inc., Chicago, Illinois,
USA). Kolmogorov-Smirnov test was carried out for collected data and for each variable to determine whether the data were
parametric or non-parametric. For parametric data, Students t test was used for
test of difference for quantitative variables
between 2 groups. For non-parametric data, Mann- Whitney test was used to compare the 2 independent group means. Chi
square test was used as a test of significance for categorical variables. In all statistical assessments performed, the level of
significance was recognized at 95% level of
confidence (p<0.05) to indicate the statistical significance between the studied variables.

Results
This study included 17 ESRD patients on
hemodialysis with pruritus (pruritic group)
and 17 ESRD patients on hemodialysis
without pruritus (nonpruritic group). The
mean age for patients with and without
pruritus was 41.6±10.9 and 37.0±7.8 years
respectively (p=0.218). The duration of dialysis ranged from 1-7 years in nonpruritic
group (mean 3.59±1.70) and 3-16 years in
pruritic group (mean 10.53±3.71, p<0.001).
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Table 1: Features of pruritus and its impact on
hemodialysis patients with pruritus
Pruritic
Effects of Pruritus
group (n= 17)
Onset
Before dialysis
0
After dialysis
17 (100%)
Course
Progressive
11 (64.7%)
Stationary
4 (23.5%)
Intermittent
2 (11.8%)
Duration of pruritus (month)
Mean ± SD
5.71 ± 13.85
(Range)
(0 - 48)
Site
Specific sites
5 (29.4%)
All over the body
12 (70.6%)
Timing
No specific time
7 (41.2%)
After dialysis
6 (35.3%)
At night
2 (11.8%)
After dialysis & at night
2 (11.8%)
Accompanying symptoms
Yes
7 (41.2%)
No
10 (58.8%)
Circadian changes in appearance & pattern
10 (58.8%)
Yes
No
7 (41.2%)
Effect of current anti-pruritic
drugs
2 (11.8%)
No drugs
12 (70.6%)
No effect
Short-term effect
3 (17.6%)
Effect on sleep
No effect
3 (17.6%)
Difficulty in falling asleep 8 (47.1%)
Disturbance of sleep
5 (29.4%)
1 (5.9%)
Requirement of
soporifies
Effect on daily activities &
habits
No
17 (100%)
Yes
0
Effect on mood, behavior &
ability to concentrate
3 (17.6%)
No
Yes
14 (82.4%)
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All patients in the pruritic group developed
pruritus after they started hemodialysis.
Table 1 showed the features and impact of
pruritus in the pruritic group. VAS score
ranged from 3-10 with mean of 7.06±2.19 in
patients with pruritus. The majority of patients [11 (64.7%)] had severe pruritus
(VAS≥ 7), while 5 (29.4%) patients had
moderate pruritus (VAS= 4-6) and only one
patient (5.9%) had mild pruritus (VAS≤ 3).
Serum creatinine was significantly higher in
pruritic group compared to nonpruritic
group (9.23±2.32 mg/dl versus 6.92±0.82
mg/dl, p=0.001). Patients in the pruritic
group also had significantly higher serum
urea level compared to patients in the
nonpruritic group (172.2±40.6 mg/dl vs.
114.1±18.8 mg/dl, p=0.001). Pre-dialysis assessment of serum β2MG showed that
mean serum level of β2MG was significantly
higher in pruritic group compared to
nonpruritic group (2.79±1.20 mcg/ml versus
1.52±0.66 mcg/ml, p=0.002). Post-dialysis
level of β2MG was also significantly higher
in the pruritic group. Our results also
showed that the post-dialysis level of β2MG
was significantly higher in both pruritic and
nonpruritic groups compared to predialysis level (Table 2).
Mann-Whitney test and Wilcoxon sign
rank test showed significant higher level of
β2MG in pruritic group compared to
nonpruritic group in both pre-dialysis and
post- dialysis assessment. Post-dialysis level
of β2MG was also higher than pre-dialysis
level in both groups. The diagnostic performance of β2MG for predicting pruritus
in patients with ESRD was good as evidenced by area under the curve (AUC) of
81.7 and this was statistically significant.
Best cut off point for predicting pruritus in
ESRD was >2.05 in pre dialysis and >2.66 in
post dialysis (table 3).
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Table 2: Serum concentration of β2-microglobulin in pruritic & non-pruritic patients

β2microglobulin
(μg/ml)
a

Pre-dialysis
Post-dialysis
p-valueb
Average
b

Non-Pruritic group
(n = 17)
1.52 ± 0.66 (0.84 – 3.5)
1.89 ± 0.62 (1.23 – 3.48)
0.003*
1.71 ± 0.61 (1.06 – 3.52)

Pruritic group
(n = 17)
2.79 ± 1.20 (0 99 – 4.0)
3.44 ± 1.31 (1.25 – 5.6)
0.002*
3.12 ± 1.21 (1.18 – 5.06)

p-valuea
0.002*
0.001*
0.001*

=Mann-Whitney test; Wilcoxon sign rank test; *=Statistically significant at p<0.05

Table 3: Diagnostic performance of β2-microglobulin for predicting pruritus in ESRD

Best cut-off value
AUC % (p value)
Sensitivity % (95% CI)
Specificity % (95% CI)
PPV % (95% CI)
NPV % (95% CI)

Pre-dialysis β2M
(μg/ml)

Post-dialysis β2M
(μg/ml)

Average β2M
(μg/ml)

> 2.05
80.3 (0.0002*)
70.6 (44.0 - 89.7)
88.2 (63.6 - 98.5)
85.7 (57.2 - 98.2)
75.0 (50.2 - 91.7)

> 2.66
81.8 (0.0001*)
76.47 (50.1 - 93.2)
94.12 (71.3 - 99.9)
92.9 (66.1 - 99.8)
80.0 (56.3 - 94)

> 2.35
81.7 (0.0001*)
76.47 (50.1 - 93.2)
94.12 (71.3 - 99.9)
92.9 (66.1 - 99.8)
80.0 (56.3 - 94.3)

PPV= Positive predictive value; NPV= Negative predictive value; Best cut off point for predicting pruritus in
ESRD was >2.05 in pre dialysis and >2.66 in post dialysis. *=Statistically significant at p<0.05.
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Figure 1: ROC curve for cut-off values of average β2-microglobulin

Discussion
Pruritus affects 50% to 90% of patients with
ESRD(2,4,5). The increase in the incidence of

pruritus could be due to the prolonged survival of patients with end stage renal failure. The wide variation may reflect the fact
that pruritus is a subjective sensation and
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can be influenced by psychological factors.
The frequency of pruritus has increased
dramatically with the advent of hemodialysis(21). The pathogenesis of pruritus in hemodialysis patients appears to be multifactorial. However, the precise underlying
mechanism remains elusive. Retention of
middle molecules (molecular weight range
300 - 12000 Daltons) is thought to cause
pruritic symptoms in CRF patients. β2M,
advanced glycosylation end products (AGE)
and parathyroid hormone (PTH) are middle
molecules that have been evaluated but
their role is still uncertain(22). In this study,
β2M level was measured as the prototype
of middle molecules and our results
showed statistically significant higher level
of β2M among patients with pruritus in
both pre-dialysis and post-dialysis assessments. The level of β2M was higher in postdialysis than in pre-dialysis assessment in
both groups. Previous studies showed that
a high level of β2M is independently associated with the development of severe uremic pruritus(3,9,12). In agreement with other
studies(2,5,6). We cannot find association
between severity of pruritus and level of
β2M. Our results showed a longer duration
of dialysis in pruritic group compared to
nonpruritic group. The longer duration of
dialysis was correlated with signiﬁcant risk
factors such as the high levels of β2M and
BUN, which may explain the increased incidence of pruritus. Some studies revealed
that the β2M content in skin tissue increases with the duration of dialysis, but there is
no evidence for a direct cause and effect
relationship between β2M and pruritus(2,5,6,9,11,12).
Uremic pruritus is independent of gender, age, race, or etiology of kidney failure;
however, it has been associated with the
degree of renal insufficiency (urine output
of < 500 mL)(2). In agreement with our results, previous studies showed that the
mean level of blood urea and creatinine
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were signiﬁcantly higher in patients with
severe pruritus(11,23). On the other hand, absence of relationships between pruritus
and many common biochemical results as
well as patients’ age, hemodialysis duration
and time on hemodialysis treatment was
reported in several studies(12,13).
To the best of our knowledge, no previous studies assess the diagnostic performance of β2M for predicting pruritus in patients with ESRD. Our results showed that
the diagnostic performance of β2M for
predicting pruritus in patients with ESRD
was good as evidenced by AUC of 81.7 and
this was statistically significant. Best cut off
point for predicting pruritus in ESRD was
>2.05 in pre-dialysis and >2.66 in postdialysis. Our results suggest that β2M may
help in prediction of pruritus in patients
with ESRD.

Conclusion
Our results showed high serum level of
β2M in ESRD patients with pruritus that
may highlight the role of β2M in the pathogenesis of this important problem. The exploration of the underlying pathogenic
mechanisms of pruritus may show promise
for future treatment modalities. β2M may
also help in prediction of pruritus in patients with ESRD.
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